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ABSTRACT: 

A world wide interest in protecting 
ozone layer against manmade effect is 
:iow increasing . Assessment of the ozone 
depletion due to these activities dep- 
ends on how much successful the separ- 
ri°n of the natural variabilities from 
the data. 

The monthly mean values of total 
ozone over Cairo (30 05N) for the 
per rod 1168-1938, have been analysed, 
using the power spectral analysis 
technique. The technique used in this 
analysis does not depend on a pre-und- 
ei standing of the natural fluctuations 
in the ozone data. The method depends 
on increasing the resolution of the 
spectral peaks in order to obtain the 
more accurate sinusoidal fluctuations 
with wave- length equal to or less than 
record^ length. Also it handles the 
possible sinusoidal fluctuation with 


wave length greater than 

length . 

the 

record 

The results show that: 

It is 

possi- 

bie to detect some of the 

well 

knovm 

national fluctuations in 

the 

ozone 


record such as annual , semiannual , quasi 
biennial and quasi -quadrennial oscill- 
ations, in addition to some waves as 18, 
6. years which are not known. 

After separation the natural fluct- 
uations from the ozone record , the tre- 
nd analysis of total ozone over Cairo 
snow that a decrease of about of -1.2% 
per decade has occurred since 1979,. 

INTRODUCTION: 


There have been many statistical 
studies of global total ozone trends 
Detailed studies of the ozone trend 
Reinsei et. al 1981 , 1984 . Bloomfield 
et. al 1982, Boikov et al 1984 , 1987 ,Tiao 
et al 1986 and Degorska et al 1988) 


indicate significant negative trend in 
winter at middle and high latitudes. 

The statistical models used to obtain 
these trends are described in details 
in the Ozone Trend Panel (OTP) report. 
The models used to estimate ozone trend 
handled the regular variations , such 
as the annual cycle ,the QBO , the solar 
cycle, etc. These known variations were 
eliminated from the data records by 
forcing an appropriate series to the 
data, for example Degorska (1988) forces 
a number of series to express seasonal , 

semi-annual , annual , quasibiennial and 11 

years cycles to Belsk data in the stat- 
istical analysis for ozone trend 
Accordingly the estimated trend depends 
in the first place on a pre- understand- 
ing of these variabilities . Even so, 
elimination of these waves in this way 
may effect the estimated trend, since 
the oscillation period of these wave, 
eg OBO diffei's from one cycle to 
another . 

In the present paper , we used the 
power spectral model designed by Hassan 
(1989), to estimate the ozone trend over 
Cairo for the period 1968-1988. 

DATA : 

Ozone observations at Cairo (30 05 N) 
have been carried out on routine basic 
since October 1967 using Dobson ozone 
spectrophotometer number 9 6. The monthly 
averages of total ozone, used in this 
study have been calculated after the 
recompute t-ion of the whole observations 
using the results of the international 
intercomparisons (Belsk 1974, Boulder 
1977 and Arosa 1986) and by applying 
the new technique in estimating the 
total ozone from the zenith sky observ- 
ations Hassan 1984. 

STATISTICAL TREATMENT: 


This method depends on handling the 
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data regardless of any pre expected 
periodicities to separate two kinds of 
wave such as : 

A- Waves with oscillation periods 
equal to or less than the length of the 
available record. 

B - Waves with oscillation period 
longer than the length of the record. 

The first kind of waves have been 
found through the analysis, using the 
variable record length method of 
Schickedanz et al (1975). Each time 
we get the waves with the largest cont- 
ribution. From these waves, we consider 
the one with minimum root square mean 
error from the actual data as a real 
wave in the record. After subtracting 
this wave from the actual data the ana- 
lysis is repeated again to obtain the 
next one. This analysis continue until 
it reaches to waves with negligible co- 
ntributions to the record . After elimi- 
nating this kind of waves which are eq- 
ual or less than the record length r a 
curve fitting using a third order equa- 
tion is applied to the residual . The 
second order equation resulting from 
differentiating the third order equat- 
ion has been examined from point of 
view of its real roots. The maximum and 
minimum values of the roots indicate to 
the presence of wave amplitude equal 
half the difference between them and 
with oscillation period twice their 
time difference. These values of ampli- 
tude and oscillation period are taken 
as a first guess for a natural waves 
with oscillation period greater than 
the record length. 

An iteration procedure is then used 
to get the best values for this waves . 
Subtracting this waves from the x^e si- 
dual and by repeating the analysis 
again to detect any other waves longer 
than the record length, the remainder 
can give indication of any anthi'opog- 
enic influence in the data . 

RESULTS AND DISCUSSIONS: 


The procedure mentioned above has been 
used for separating natural variabiliti- 
es in the record. Eight waves have been 
found to be of great contribution to the 
data, (12, 216, 88,21,8,28, 56,6 months), 
with amplitudes equal to 18.96,8.51,5.1, 
4.3, 3. 6, 3. 3, 3.0, 2.6 D.U. respectively 
arranges in descending order according 
to their amplitudes. ( see Figs. la, 2a ) 

Figure 1 represent the monthly average 
of the actual total ozone data for 1968- 
1988. It is clear from the figui'e that 
the annual oscillation has the greatest 
amplitude. Also these waves have semi- 
annual , quasibiennial ,and quasiquadrenial 
oscillations. 

Figure 2 shows a summations of eight- 


waves plus an over mean value. 

Figure 3 and figure 4 show the twelve 
month running mean for both actual and 
estimated values. It is clear from the 
two figures that, the actual data can be 
presented successfully by eight waves 
and a mean value. 

Figure 5 shows the residuals, it. is 
cleai' from the figure that there Is a 
small negative trend in the record 
after 1979. 

The above analysis shows that, there 
is a negative trend of about 1.2 per- 
cent per decade as from 1979. The value 
is comparable with the results obtained 
by Reinsel et al 1981 , Boikov et al 1984 
,1989, and others for this latitudinal 
belt using different statistical models. 

CONCLUSION: 

In this paper we summarized the main 
conclusions as: 

It. is possible to detect some of the 
well known natural variations in the 
record such as , annual , semiannual , quasi- 
biennial and quasiquadrennial oscillat- 
ions, in addition to some waves (18 and 
6.5 years), which are not known. 

By separation the natural fluctuation 
mentioned above from the ozone data over 
Cairo, the analysis of trend shows that a 
decrease of about. 1 . 2 percent per decade 
, h a s been f o und f r oni 19 7 9. 


REFERENCES : 


Bloomfield, P. ,M.L. Thompson, and S. Zeger 
1982: A Statistical analysis of 
Umkehr measurements of 32 - 46 
km ozone. J. Applied Met. .12 1828- 
1937 . 

Boikov , R. D. , and G. C. Reinsel , 1984 

: Trends in tropospheric ozone 
concentration in eds . C . S , Zerf or? 
and Ghazi , D . Re idal Publ . Co . Dod - 
reecht, Hoi land, 775-761. 

Bojkov, R. D., The 1983 and 1985 anomal - 
ies in ozone distribution in res- 
pective , Mon .Weather Rev . 15,2188 
-2201, 1987. 

Degorska , M. and Ra jewska -Wiech B. , 1987 
The Ozone minimum observed in the 
north temperate ozone in 1982-1988 

Hassan.G. K. Y. -.Construction Empirical 
Ozone Charts and Tables using the 
Multiple lineal' Regression techni- 
que, 'Proc. of Quaddr. Ozone Symp. 
Hal tidici . , Greece , 1984. 

Reinsel, G. C. f G. C. Taio.A. J. Miller 
D . i . Waebbles , P . S . Connel 1 , C . L . 
Mat.eer and J. J. Deluisi, 198 7: 
Statistical analysis of total 
ozone and stratospheric Umkehr 
data for trends and Solar cycle 
relationship, J. Geophys . Res. 92 


276 



2201-2 209 . 

einsel , G. C.,G. C. Tiao M „ N. Wang r. 
Lewi;' and_ D, Nychka : Statistical 
analysis stratospheric ozone 
data for the detection trends . 

J \ tmos . Environ . S . 1 5 t 1569-1577 
1951 . 


Schickedanz, T. and E, G. Bowen 1975: 
Computation of climatological 
Power Spectra Using Variable re- 
cord length, Forth Conference 
on Probability and statistics in 
the atmospheric Science. 


- — IT • 9 .. 

Hu: ip » 


cl ) 


of To 


res 216, 83, 21, 3 Months 
al ozone over cairo 


0 4 u A A A), \ 0 fft* jht* AM AfA A A! 

- - v *4 v v ^jjni v v 4 v y V in i jA 


72 74 76 


r B uO 62 64- 66 68 90 92 


Years 



2a ) Waves 28, 56, 6 Months 
of Total ozone over cairo 



Figi i VThe Monthly Average of Actual 

h&BR-I.QRH 


2. 



~ \ 

Ai\ | 



. i <\ c .. 

' |H ! , fl it ! 

.1 I. ‘ 

|i i 

p ; jj 

u f; i ■ i ji i ' 

M & i '\ \ i /i \ ! M ‘l \ ; 

V U \jjUS S n I' i\ 

2 6 ; ; 

,, ■' \ fv I 

! H. \fb)i ){ ■' \i 

u vV :j : i\! u $ i j 

1 f 

i \ : 

V*. :S , U & ? 

’’ M ' (1 w 

-( 

¥ 

jj 1,' i * 

f ‘ 

rp" TrTTTT ■ r i-i i m? i iwth:? ho m>r» »i*rrwn !iHif.in*r * ?w i 

f; 1 

1 i 


Q n f , 

4: L 


260 


66 70 72 74 76 76 60 62 64 66 66 90 92 


277 



Fig. (2) Summation of Eight Waves Plus 
an Over Mean value 
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Fig. (3) Twelve Month Running Mean for 
The Actual Data 
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Fig. (4) Twelve Month Running Mean for 
The Forcast 
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Fig. (5 )The Residuals (Actual— Forcast) 



" 40 6B 70 72 74 76 78 60 52 84 66 88 90 92 

Years 


278 



